P arenteral nutrition-associated cholestasis (PNAC)
is a significant complication of prolonged parenteral nutrition (PN). 1 The disease is particularly common among premature neonates and patients who undergo major gastrointestinal operations in the newborn period. 2 PNAC is associated with a 50% risk of sepsis and mortality rates as high as 20% to 30%. 3 Currently, there is no known treatment or means to prevent PNAC among patients who cannot tolerate enteral feedings. Attempts at addressing this problem have used a number of therapeutic interventions, including taurine-supplemented PN, 4 tauroursodeoxycholic acid, 5 and enteral antibiotics. 6 The removal of several agents, including manganese, copper, and phytosterols, from intravenous lipids has also been suggested to be beneficial. [7] [8] [9] Despite some encouraging reports, no definitive treatment or mode of prevention of PNAC has been proved.
One factor potentially contributing to PNAC is a lack of gastrointestinal hormonal stimulation, which facilitates bile flow. Cholecystokinin (CCK) is a gastrointestinal hormone that is released during enteral stimulation and can promote both intrahepatic and extrahepatic bile flow. [10] [11] [12] We and others demonstrated previously that CCK-octapeptide (CCK-OP) could be used to partially correct hyperbilirubinemia associated with PNAC. [13] [14] [15] CCK-OP was also shown in a retrospective study to prevent a rapid increase in conjugated bilirubin (CB) levels (used as a marker for PNAC), compared with untreated infants who were matched with respect to gestational age, primary disease, and duration of PN. 16 That study showed that patients who received CCK-OP demonstrated a reduced incidence of severe cholestasis (defined as a direct bilirubin level of Ն5.0 mg/dL), compared with untreated patients (9.5% vs 38%, P ϭ .015).
The study was conducted as a randomized, double-blind, controlled, multicenter trial over 8 weeks. We hypothesized that the use of CCK-OP could prevent the development of PNAC in an at-risk group of neonates. The primary outcome measure was CB levels, as a marker of the severity of PNAC. Secondary outcome measures were the incidence of sepsis, times to achieve 50% and 100% of energy intake through the enteral route, number of ICU and hospital days, mortality rate, and incidences of cholelithiasis and biliary sludge. The study examined severely premature neonates, as well as infants undergoing major surgical procedures in the newborn period (eg, necrotizing enterocolitis [NEC], gastroschisis, or severe intestinal atresia), who during their study course received Ͼ50% of total energy needs through the parenteral route.
METHODS

Trial Design
This study was a double-blind, randomized, multicenter, controlled trial to assess whether CCK-OP could prevent or reduce the severity of PNAC. In a small preliminary study, 16 we observed rates of PNAC (defined as CB levels of Ͼ2.5 mg/dL) of 9% and 38% for CCK-OP-treated subjects and historical control subjects, respectively. Therefore, we designed this study to have 80% power to identify a difference of 15% (10% vs 25%) with a 2-tailed, 5% level of significance. To achieve this power, a total of 252 neonates at risk for PNAC would be needed (126 in each of the placebo and study drug groups). A neonatal population was selected because it was identified by several investigators as having the patients with the highest risk of developing PNAC. 1 The primary outcome measure was CB levels, as a measure of the development and severity of PNAC. Secondary outcome measures included the incidence of sepsis, times to achieve 50% and 100% of energy intake through the enteral route, number of ICU and hospital days, mortality rate, and incidences of biliary sludge and cholelithiasis. The study was assigned IND 42 898 and was funded by the Food and Drug Administration Orphan Products Grant Program.
Treatment Specifications
Drug Name and Source
Sincalide (Kinevac; Bracco Diagnostics, Princeton, NJ) is a synthetic form of CCK-OP that has been approved by the Food and Drug Administration. Dosing of CCK-OP was 0.04 g/kg per dose, administered intravenously (in 10 -15 minutes) every 12 hours, based on a mean of weekly body weights. Dose selection was based on previous use of the drug and because this was twice the dose recommended for stimulation of gallbladder contraction. 16 Placebo consisted of intravenously administered 0.9% sodium chloride, given on the same schedule as the study drug. CCK-OP was diluted to the correct concentration in 0.9% sodium chloride. Appearance, size, and volume were identical to those of the study drug.
Total Duration
Patients remained on the CCK-OP or placebo therapy for no longer than 8 weeks, regardless of whether they achieved enteral feeding or not. CCK-OP or placebo administration was discontinued once the enteral component was Ͼ50% of the patient's nutritional requirements. If CCK-OP or placebo treatment was discontinued because Ͼ50% of energy needs were provided through the enteral route but enteral nutrition decreased to Ͻ50% of total required energy for any reason, then the patient was again treated with either CCK-OP or placebo, according to the previous assignment. All caretakers were masked with respect to group assignment; only the investigational drug service was aware of the results of the randomization.
Study Population
Study Centers
The 8 centers used in this proposal were chosen because of their homogeneity. Each is a tertiary care facility for neonates with a large regional referral pattern that exceeds 10 000 live births per year. Therefore, it was anticipated that a fairly uniform population of patients would be examined among the sites.
Inclusion Criteria
Participating sites and the numbers of recruited patients in the study are shown in Table 1 . All patients were receiving PN at the time of recruitment. Although the study was designed to include patients who would require prolonged periods of PN, after enrollment the patients remained in the study regardless of the duration of PN. Initially, the study population consisted of severely premature infants (Ͻ1000 g at birth and with an estimated [Dubowitz] gestational age of Յ28 weeks). However, because the majority of these patients were found to achieve Ͼ50% of nutritional intake through the enteral route by 7 to 14 days, the inclusion criteria were changed in 1999, to include surgical neonates (Ͻ30 days of age at the time of enrollment) who had a major gastrointestinal disorder preventing enteral intake. These criteria included 3 diagnoses, ie, (1) NEC, (2) gastroschisis, and (3) severe jejunal-ileal atresia. Diagnoses of NEC met Bell grade II or higher criteria. 17 Severe jejunal-ileal atresia was defined as an intestinal loss of Ն50% of the anticipated small-bowel length for a given gestational age. 18 A daily screening (based on discussions with the attending intensive care physicians) of all neonates in the each study center was performed to identify potential candidates for the study. All patients were recruited into the study within 7 days after the diagnosis of any one of the surgical disorders. Patients with hemodynamic instability (see below) were recruited but were not begun in the study until they were in hemodynamically stable condition (but still Ͻ30 days of age). 
Exclusions Before Initiation of the Study
Patients in hemodynamically unstable condition were excluded. However, they could be enrolled if their condition stabilized within the first 2 weeks of life and before the initiation of feedings. Instability was defined as requiring fluid boluses of Ͼ40 mL/kg in the previous 24 hours in addition to maintenance intravenous fluids or requiring adrenergic support of Ͼ10 g/kg per minute dopamine or dobutamine or Ն0.1 g/kg per minute epinephrine. Also excluded were infants with a metabolic pathway defect (eg, hereditary fructose intolerance, galactosemia, or neonatal tyrosinemia), hepatic insufficiency (defined as a CB level of Ͼ1.0 mg/dL or a coagulation abnormality of an international normalized ratio Ͼ1.5 times normal), or progressive renal failure (defined as a creatinine level of Ͼ1.5 mg/dL). In addition, infants with primary or secondary liver disease (including hepatitis), regardless of liver function; use of extracorporeal life support; suspected congenital obstruction of the hepatobiliary tree (eg, biliary atresia or a choledochal cyst); or a diagnosis of HIV infection were excluded. No infants were enrolled if their CB levels were Ͼ1.0 mg/dL. Finally, infants were excluded if they received ursodeoxycholic acid before the study; no patients received this drug during the study.
After enrollment, all infant data were recorded and analyzed regardless of whether study drug/placebo treatment was stopped. Data were analyzed with an intent-to-treat approach. If neonates underwent a surgical procedure, then the study drug/placebo was withheld for a minimum of 12 hours and a maximum of 96 hours after surgery.
Randomization and Masking
All patients were enrolled after signed detailed informed consent was obtained from either a parent or guardian. The consent form and the entire study were approved fully by the institutional review boards of all participating hospitals. Infants were randomized to receive the study drug or placebo on the basis of an established randomization chart. Block randomization with a randomly chosen block size of 2 or 4 within center was used. Randomization tables and envelopes were generated by the Department of Biostatistics at the University of Michigan and were distributed to each site. Control of drug randomization and distribution of drug were performed by the investigational drug service at each study site. Patients, medical professionals, and investigators were masked from the results of the randomization. Enrollment was performed by either study coordinators or principal investigators at each study site. The flow of enrollment, study performance, and analysis is shown in Figure 1 .
PN Guidelines
To ensure a uniform delivery of PN among patients and sites, the following standards were used. Total nonprotein energy delivery did not exceed 378 to 420 kJ/kg per day. Carbohydrate administration began at 4 to 8 mg/kg per minute on the first day of PN and was increased to 11 to 18 mg/kg per minute by day 3. Provision was made for patients who were glucose intolerant during this increase. Protein administration began at 1.0 g/kg per day on the first day of PN and was increased by 0.5 to 1 g/kg per day to a maximum of 2.5 to 3.0 g/kg per day. Lipid administration began at 1.0 g/kg per day on the first day of PN and was increased by 0.5 to 1 g/kg per day to a maximum of 3.0 g/kg per day. A pediatric amino acid formulation that contained taurine was used for PN; this was either Aminosyn-PF (Abbott, Abbott Park, IL; 10% solution containing 70 mg/100 mL in the bulk solution) for 76 patients or Trophamine (B. Braun, Bethlehem, PA; 10% solution containing 25 mg/100 mL in the bulk solution) for 127 patients. For the first 40 patients enrolled, taurine was not included in the formulation, and neonates received a standard adult formulation (Aminosyn; Abbott).
Primary Outcome Measure
CB levels were measured within 72 hours before or on the day of recruitment into the study and weekly thereafter. To ensure uniformity in laboratory determinations of the primary outcome measure, a Kodak Ektachem 750 system (Johnson and Johnson, New Brunswick, NJ) was used for all sample measurements.
Secondary Outcome Measures
Assessment of Patient Morbidity and Mortality Rates
Secondary outcome measures included the incidence of sepsis (both generalized and catheter-related), time in days to achieve
Fig 1.
Consort assignment of patients. *The number of excluded patients included those who did not meet eligibility criteria and those whose parents or guardians refused to participate. Early in the study, differentiation between these groups was not recorded; therefore, a precise breakdown cannot be given. **The randomization assignment of 1 subject could not be determined, and no additional analysis of that subject was performed. †These 2 patients developed severe medical instability, and study intervention was stopped completely before the protocol schedule. No patient was lost to follow-up monitoring, and analysis was performed for all patients, including the 2 patients whose therapy was stopped prematurely. 50% enteral feedings, time in days to achieve 100% enteral feedings, number of days in the ICU, number of hospital days, and mortality rates. Monitoring and recording of all in-hospital complications were performed on a weekly basis. Sepsis in the neonatal period used previously established definitions. 19 Catheter sepsis was defined with a modified definition established by the Centers for Disease Control and Prevention. 20 Percentage of energy intake was calculated by totaling enteral intake and dividing the result by the total number of joules delivered through the enteral and parenteral routes, including all protein sources. Infants had to tolerate a level of feeding (50% or 100%) for 3 consecutive days before reaching this definition. All patient deaths were recorded. Death was defined as a death occurring at any time during the child's admission to the hospital. The cause of death and autopsy findings were also recorded.
Ultrasonographic Assessment of the Hepatobiliary Tree
Formation of biliary sludge was assessed among children treated at 2 sites (University of Michigan and St Vincent's Mercy Hospital). The techniques at these sites were compared closely (because of their close geographic locations) and allowed accurate analysis of the data. An ultrasound study was performed within 48 hours after recruitment into the study, and a follow-up ultrasound study was performed 2 weeks after initiation of the study. Before the ultrasound studies, all infants had feedings withheld for at least 3 hours. Biliary ultrasonography was performed with 5-to 8-MHz sector transducers (Acuson 128XP/10; Acuson, Mountain View, CA; or ATL HDI 5000; ATL, Bothell, WA), depending on patient size. The gallbladder and biliary tree were assessed with longitudinal, transverse, and oblique scans, as indicated by the anatomic features. The following measurements were scored: presence of biliary sludge, cholelithiasis, choledocholithiasis, bile duct dilation (intra-or extrahepatic), and size of the common bile duct (transverse diameter at the liver hilum).
Monitoring
Monitoring Schedule
During the study period, neonates were monitored daily. During each infusion period, assessment for the development of adverse reactions was performed (see below). After completion of the 8-week study, infants were monitored daily during the NICU stay and every third day while out of the NICU but in the hospital. A final check for adverse reactions was performed, via telephone, 30 days after patient discharge.
Adverse Events
Adverse events were defined as any untoward events that occurred during the performance of the study. Each event was recorded. A determination of whether the event was associated with the administration of the study drug was then recorded as likely, possibly, unlikely, or not associated. On the basis of these criteria, if likely or possibly associated was selected, then the event was defined as an adverse drug reaction. In general, 3 major reactions were checked for routinely, namely, pain, feeding intolerance, and hemodynamic changes. The study coordinator at each center monitored for drug-related adverse reactions, including pain presumed to be attributable to gastrointestinal cramping, intolerance of oral feedings because of spasm of the pylorus, and hypotension. Nursing and physician staff members administering the drug were made aware of potential adverse reactions and were instructed to notify the investigators at each center if such reactions developed. All adverse reactions were reported to the principal investigator, the independent monitoring committee (see below), the study center's institutional review board, and the Food and Drug Administration. Significant adverse events included the following: death, sepsis, drug-related adverse events, prolongation of hospitalization, overdose, and disabling injury. If a significant adverse event was considered possibly associated with the study drug, then this was grounds for discontinuation of the study. One case of drug overdose occurred in the study; this did not result in any other adverse events. In that case, a 10-fold higher concentration of the study drug (CCK-OP) was given, which was recognized by the investigational drug service after the drug had been administered. Despite this larger amount of drug, no hemodynamic changes or feeding intolerance was noted. In addition, the pain score (see below) did not change, compared with predos-
Grading of pain among premature neonates used the Premature Infant Pain Profile system. 21 Feeding intolerance had to be associated consistently (Ն2 times) with the administration of CCK-OP, within a 1-hour period, to be considered related to administration of the study drug. To assess alterations in blood pressure, standard blood pressure curves were used and a Ն20% decrease from a previously normal mean, within 10 minutes after CCK-OP administration, was defined as CCK-OP-induced hypotension.
Independent Monitoring Committee
An independent monitoring committee was established to monitor the study for safety and to determine whether a statistical difference had been achieved between the 2 groups for the primary outcome measure. This committee examined data for adverse events after the first and second thirds of recruited patients had completed the study. The committee was charged with determining whether administration of study drug or placebo resulted in an increase in the number of adverse events. The study was not terminated early.
Statistical Methods
Data were summarized with descriptive measures, including means and SDs. Logarithmic transformations were also used for data that had skewed distributions with a long upper tail. Baseline values were compared between groups with a 2-sample t test for continuous measures and a 2 test for dichotomous measures. A comparison between study centers was also performed, to ensure that similar groups of patients were studied. A standardized scoring system, the Score for Neonatal Acute Physiology, was computed for each neonate. 22, 23 The scores were found to be similar among study sites.
The primary analysis used the intent-to-treat approach. The primary outcome measures were compared between treatment groups with a 2-sample t test for continuous measures and a 2 test for dichotomous measures.
To assess whether CCK-OP was effective over time, a repeatedmeasures analysis of variance was fitted to the postrandomization CB levels. A dummy variable for treatment group and a term for interaction between the treatment group and the week of treatment were included in the models. Also, multivariate regression analysis was performed for comparisons of the postrandomization CB levels between treatment groups, controlling for potential confounding variables that might influence the development of either PNAC or elevated CB levels. These latter variables included inclusion criteria at enrollment (prematurity, NEC, or surgical group), gestational age, and use of taurine. A total of 216 cases with complete sets of covariates were included in these models. Because several of the covariates were highly correlated, backward elimination was used to identify a minimal subset of covariates. Table 1 shows the demographic characteristics of the study population. Patients were recruited between November 1997 and June 2001. The greatest proportion of enrolled patients (48%) was from Ann Arbor, because that was the initial study site. No differences were noted in the distributions of patients between those who received study drug and those who received placebo. A total of 243 infants were enrolled in the study. Study drug was given to 124 subjects and placebo to 118 subjects. The randomization status of 1 patient could not be determined, and that subject was excluded from the analysis. The number of subjects was 9 less than planned initially; however, with calculations performed be-fore any data analysis, it was determined that the recruiting of additional patients would not affect appreciably any final analysis of the results. Two patients were withdrawn early from the trial because of overwhelming medical complications. Data for both of these patients were analyzed for primary and secondary outcome measures. Distributions of gestational ages and periods of time in the study were not statistically different among the study sites. However, there was a wide range of times in the study. Most patients (70%) enrolled were premature. Patients with gastroschisis represented 14% of the total. Each of these types of patient was distributed evenly between the treatment groups. Patients with NEC represented the third largest group (13%), with more patients in this group receiving study drug (61%) than placebo (31%).
RESULTS
Baseline Characteristics
Primary Outcome Measure
CB results are shown in Table 2 and Figure 2 . No significant difference was noted in maximal levels of CB between the placebo and CCK-OP groups. Because of the skew of the distribution in each group, logarithmic transformation of the data was performed. This analysis on the logarithmic scale also failed to demonstrate any significant differences between the 2 groups (Table 2) . Levels were then plotted over weeks of the study (Fig 2) . Although CB levels among infants in the CCK-OP group were consistently lower than those in the placebo group, these differences were not significant. Of the 3 cohorts of patients (premature, NEC, and surgical), patients who were stratified to the surgical group (operative NEC, gastroschisis, or atresia) were at significantly (P Ͻ .017) greater risk of developing PNAC (52% had CB levels of Ն5.0 mg/dL), compared with those stratified to the premature group (28%). To address stratification as a potential confounding factor, a general linear model that included as covariates the infants' diagnosis and degree of prematurity and whether they received a taurineconjugated PN solution was fit to the CB data. This analysis also showed no significant impact on the use of CCK-OP to lower CB levels (P ϭ .68). Because of the large number of preterm infants, compared with the other 2 cohorts (169 preterm infants, compared with 72 other patients), treatment effects were estimated separately for the premature group and the surgical and NEC groups. The estimates of the treatment effects trended toward CB reduction, and were Ϫ0.13 Ϯ 0.18 for the premature group and Ϫ0.43 Ϯ 0.98 for the NEC group. Both of these represented small effect sizes and were not significant. In addition, it would be highly unlikely that much larger numbers of patients would influence this result.
Because total PN (TPN) duration might have an influence on the efficacy of CCK-OP, reanalysis was performed for infants who received TPN for Ͼ14 days and Ͼ25 days. At 14 days, 126 patients remained on Ͻ50% enteral nutrition; 118 of these had sufficient data for complete analysis. The estimate of the treatment effect for infants who received TPN for Ͼ14 days was 0.1423 (95% confidence interval: Ϫ0.3223 to 0.6069), with a P value of .5450. At study day 25, 72 patients remained in the study, and 70 patients had sufficient data for complete analysis. For patients who received TPN for Ͼ25 days, the treatment effect for CCK-OP was 0.0813 (95% confidence interval: Ϫ0.9666 to 1.1293), with a P value of .8772.
Secondary Outcome Measures
The overall incidence of adverse events was quite high in our study. This did not appear to be attributable to the effect of the drug, however. In fact, we intentionally recruited high-risk patients to yield a greater number of patients who would develop PNAC. Sepsis occurred for 51% of all enrolled patients. The incidence of sepsis did not differ statistically between the study groups (51% in the CCK-OP group and 49% in the placebo group). Mortality rates were also high in this series but that was not surprising, because of the selected population of neonates who required long-term PN; again, no differences were noted between the CCK-OP and placebo groups (15% in each group).
Administration of CCK-OP did not show any immediate adverse side effects. Specifically, there was no change in the incidence of pain, intolerance of oral feeding, or hypotension that could be linked clearly with the period of time around drug administration. Lengths of ICU and hospital stays did not differ between the study groups (Table 3 ). In addition, the (9) 13 (12) 23 (10) Data were stratified for patients with CB levels of Ͼ5 or Յ5 mg/dL and for patients with a surgical diagnosis (NEC, gastroschisis, or atresia) versus prematurity. For the analysis of groups stratified according to surgical diagnosis versus prematurity, the 2 statistic was 0.62 (P ϭ .43); 3 values were missing. For the analysis of groups stratified according to CB levels of Յ5 mg/dL or Ͼ5 mg/dL, the 2 statistic was 0.53 (P ϭ .47); 18 values were missing.
times to 50% enteral feeding and 100% enteral feeding did not differ between the groups (Table 3) . Ultrasonography was performed for a subgroup of patients, to assess the presence of sludge in the gallbladder. Evaluations were performed at baseline and at 2 weeks (Table 4) if the patient remained on either study drug or placebo. The presence of sludge in the gallbladder at 2 weeks showed no correlation for patients receiving study drug versus those receiving placebo. Biliary sludge was noted for 58% of patients in the CCK-OP group and 42% of those in the placebo group (P ϭ .33). Interestingly, with stratification of patients between the premature group and other cohorts, a significantly (P Ͻ .0001) greater percentage of infants with NEC and surgical problems developed gallbladder sludge (64.7%), compared with premature infants (20.5%).
DISCUSSION
A number of studies have linked the development of PNAC to several risk factors. Perhaps the first association was the finding of an inverse relationship between the incidence of PNAC and both gestational age and birth weight. 2, [24] [25] [26] [27] In a series reported by Beale et al, 28 50% of infants who were Ͻ1000 g at birth developed PNAC, whereas the incidence decreased to Ͻ10% among infants weighing Ͼ1500 g. The longer PN is used for neonates, the greater risk they have of developing PNAC; virtually 100% of neonates developed PNAC if they received PN for Ͼ8 weeks. 24 Another potential risk factor that may worsen the degree of PNAC is the occurrence of sepsis. 29 The precise pathogenesis of PNAC is unknown, although a number of causes have been proposed. 27, 30, 31 The process may well be multifactorial. Among these causes is a potential lack of essential factors in TPN, including choline. 32 In addition, the administration of PN leads to mucosal atrophy, with a loss of epithelial barrier function. 33 This can lead subsequently to endotoxins and proinflammatory cytokines entering the liver, with resultant hepatic Fig 2. CB levels for the 8 weeks of the study. Although there was a persistent trend toward higher CB levels in the placebo group, no statistical differences could be detected. This is attributable predominately to the large SDs for the study groups. injury. 34 This may explain why the addition of enteral antibiotics has shown efficacy in the treatment of PNAC. 35 In addition, a number of bile canalicular transport proteins have been shown to be disturbed with PN, and these may contribute significantly to the development of PNAC. 36 Finally, a loss of enteral nutrition leads to a decline in the expression of a number of gastrointestinal hormones, including CCK, which may also account for the observed decline in bile flow and biliary sludge with TPN administration. 16 In addition to this lack of understanding regarding the pathogenesis of PNAC, currently there are no known clearly effective pharmacologic modalities to treat or to prevent this condition. 5 The clinical implications of PNAC include increased rates of sepsis, cirrhosis, and death. In one series, the incidence of sepsis was 56% among infants with PNAC, compared with 13% among neonates receiving PN without PNAC. 3 Liver failure occurs with end-stage PNAC. In one review, infants with PNAC had a 31% mortality rate, compared with a 3% mortality rate for those receiving PN without cholestasis. 3 Among a series of patients with shortbowel syndrome receiving long-term PN, 16 of 23 children (70%) had direct bilirubin levels of Ͼ2.5 mg/dL). 37 If infants maintained a CB of Ն3.0 for Ͼ3 months, there was an associated 78% risk of mortality.
Current modalities used to treat cholestatic jaundice involve primarily early initiation of enteral feeding. Unfortunately, for many infants the intestinal tract either is too immature or, because of a variety of pathologic disorders, is without sufficient functional integrity to tolerate feedings. Other important care aspects include prevention of sepsis, confirmation that the patient is not being overfed (prevention of hepatic steatosis), and early cycling of PN. Medical options that have been suggested or used include the removal of certain trace elements, such as copper and manganese, from the PN. 7 Both of these elements are excreted primarily in bile. Depositions of copper have been observed in cholestatic livers, and manganese deposits have been found in the brains of individuals receiving PN. 1 Ursodeoxycholic acid has demonstrated usefulness in some cases of intrahepatic cholestasis, including primary biliary sclerosis, and for patients with cystic fibrosis. 38 Its mechanism of action includes the exchange of hydrophobic bile acids for hydrophilic ones, leading to an improvement in bile flow. Although some studies suggest that it may be potentially effective in the care of neonates with PNAC, 39 a prospective, randomized, controlled trial with tauroursodeoxycholic acid failed to demonstrate any benefit in preventing or reducing the severity of PNAC. 5 Other modalities to treat PNAC include the use of enteral antibiotics. These antibiotics may cause a reduction in intraluminal bacteria, which may lead to the development of bacterial translocation and subsequent sepsis. Furthermore, bacteria produce endotoxins, which are associated with proinflammatory cytokines. Cytokines such as tumor necrosis factor-␣ and interleukin-1 are associated with chronic liver injury. Clinical use of oral antibiotic therapy has shown some promise, 35 but its use may lead to the development of resistant organisms.
CCK has the ability to induce gallbladder contraction and to increase intrahepatic bile flow. 40, 41 Because of these actions, administration of CCK has been thought to be efficacious in the prevention or treatment of PNAC. Studies with rodents receiving PN demonstrated that CCK was beneficial in reducing the degree of cholestasis. 42 In another study, the use of CCK-OP was investigated with prepubescent rabbits maintained on PN. That study demonstrated that there was a reduction in periportal inflammation and fibrosis among CCK-OP-treated rabbits. 43 In addition, significant increases in basal bile flow rates and clearance of sulfobromophthalein were noted in the CCK-OP-treated group.
Patients with short-bowel syndrome may also have low CCK-OP levels, compared with control patients, which suggests that a deficit in CCK-OP may be common among patients receiving long-term PN. 44 This suggests that loss of intestinal length or function may affect CCK levels and may be one reason why patients in the NEC and surgical cohorts of the current study had significantly more biliary sludge. CCK-OP has been used to prevent the formation of biliary sludge among adult patients receiving long-term (Ͼ21 days) PN. 12 In addition, 2 clinical reports showed that CCK-OP might be beneficial in reducing direct bilirubin levels among infants who have already developed PNAC, potentially contributing to resolution of the process. 13, 15 In those 2 reports, reductions of direct bilirubin levels were noted for several infants. However, the extent of the decreases was quite variable, and reductions did not occur among infants with evidence of cirrhosis.
The current study was prompted by the findings for a prospectively studied group of 21 neonates treated prophylactically with CCK-OP, compared with 21 historically treated neonates matched with respect to gestational age, diagnosis, and duration of PN. 16 Two severities of PNAC were examined, low (direct bilirubin levels of Ͼ2.0 mg/dL but Ͻ5.0 mg/ dL) and high (Ͼ5.0 mg/dL). Although no difference in the incidence of PNAC was seen for infants with low-severity PNAC, a significant reduction in the number of neonates with high-severity PNAC was observed in the CCK-OP-treated group, compared with the untreated group (9% and 38%, respectively). The study was preliminary but provided sufficient data to predict the needed size of the current prospective randomized trial.
In the current study, we attempted to use CCK-OP to prevent the development of PNAC. Despite a lack of statistical difference in the incidences of PNAC between the 2 groups, it was interesting to note that there was a persistent trend of lower levels of CB in the CCK-OP group. However, because of the large SDs in CB levels, no statistical difference could be noted between the study groups. It is conceivable that we did not achieve a statistical difference because of a type II error (insufficient number of patients). However, on the basis of our power analysis, we do not think this is the case. We certainly do not think that another study with larger numbers of patients would be warranted. We also considered the fact that an insufficient dose of CCK-OP might have been used in this study. The dose selected was 2 times higher than the standard dosage based on weight. In a previous study by our group, dosing in this range was effective in decreasing bilirubin levels among patients who had already developed PNAC. 13 This dose was as efficacious as higher doses of CCK-OP and was associated with very few or no drug-related adverse events. Although CCK-OP might have had some effect in increasing bile flow (ie, the numerically lower bilirubin levels), other factors that likely contribute to PNAC (see above) may be more than CCK-OP treatment can overcome. The fact that biliary sludge did not decrease with CCK-OP treatment might be attributable to the fact that infants respond to CCK-OP differently than do adults. It might also suggest that other factors, aside from a lack of CCK, contribute to sludge. In fact, studies in mouse models suggested that PN might alter bile composition by downregulating bile canalicular transport proteins. 45 Therefore, PNAC may continue to progress, despite the actions of CCK-OP. Clearly, this would be consistent with the general concept that PNAC is a multifactorial process.
CONCLUSIONS
CCK-OP was not effective in preventing the development of or reducing the severity of PNAC. Clearly, greater understanding of the pathogenesis and treatment of this devastating disease process is needed. It is hoped that additional studies can identify therapeutic strategies to treat or to prevent this process.
TEACHER CAN'T TEACH
"Over the past half-century, the number of pupils in U.S. schools grew by about 50% while the number of teachers nearly tripled. Spending per student rose threefold, too. If the teaching force had simply kept pace with enrollments, school budgets had risen as they did, and nothing else changed, today's average teacher would earn nearly $100,000, plus generous benefits. We'd have a radically different view of the job and it would attract different sorts of people.
Yes, classes would be larger-about what they were when I was in school. True, they'd be fewer specialists and supervisors. And we wouldn't have as many instructors for youngsters with 'special needs.' But teachers would earn twice what they do today (less than $50,000, on average) and talented college graduates would vie for the relatively few openings in those ranks.
What America has done, these past 50 years, is invest in more teachers rather than better ones, even as countless appealing and lucrative options have opened up for the able women who once poured into public schooling. . . . Compounding that problem, we make multiple policy blunders. We restrict entry to people 'certified' by state bureaucracies, normally after passing through quasi-monopolistic training programs that add little value. Thus an ill-paid vocation also has daunting, yet pointless barriers to entry. We pay mediocre instructors the same as super-teachers." Finn Jr. CE. Wall Street Journal. March 11, 2005 Noted by JFL, MD
